Introduction
Over the past three decades, overall US mortality rates of the occupational lung disease, pneumoconiosis, have decreased (Centers for Disease Control and Prevention , 2014) .
Pneumoconiosis refers to a group of respiratory illnesses that are related to inhalation of mineral dusts and fibers. The primary types of pneumoconiosis are coal workers' pneumoconiosis resulting from inhalation of coal dust, silicosis from inhalation of crystalline silica, and asbestosis from inhalation of asbestos fibers. Detection and severity of these diseases is based on radiographic findings and is classified based on the International Labor Organization (ILO) guidelines (2000) . Clinically, pneumoconiosis may be hard to detect due to the long latency period between exposure and onset of illness. There are currently no options to cure individuals with pneumoconiosis and in severe cases that progress to chronic respiratory failure, lung transplantation may be the only treatment option (Hayes Jr., et al., 2012) .
Geographically, elevated rates of pneumoconiosis have been observed in the regions of eastern Kentucky, western Virginia, southern West Virginia, and eastern Pennsylvania, relative to U.S. rates, and rates seen in other coal mining areas. Due to the coal mining workforce in Kentucky, employing over 11,000 individuals, primarily in the Eastern and Western Kentucky coal fields, most pneumoconiosis in Kentucky is coal worker pneumoconiosis (CWP) or "black lung disease" (Wang, et al., 2013) . CWP in Kentucky has been linked to mine size, with employees in small mines having a 2.1 times higher prevalence of CWP and 37% higher prevalence of abnormal spirometry when compared to those in large mines. Additionally, progressive massive fibrosis (PMF), a severe fatal form of CWP, is seen in 2.4% of small mine miners compared to 1.1% of large mine miners .
The prevalence of pneumoconiosis in Appalachian regions has been increasing in recent years, despite stringent regulations following the 1969 Federal Coal Mine Safety and Health Act.
PMF was nearly eradicated in coal mines only 15 years ago with a prevalence of only 0.08% for those who participated in the Coal Worker Health Surveillance Program (CWHSP). However, in Appalachian miners, the prevalence of PMF reached 3.23% in 2012 , reflecting the need for additional efforts in order to adequately protect Kentucky coal miners.
There has not only been an increase in prevalence, but also in the severity of pneumoconiosis for younger miners with less cumulative exposure. In a study done on underground coal miners from 2005-2009, when compared to 12 other states, miners in Kentucky, Virginia, and West Virginia, had a greater risk of advanced CWP (RR = 8.1), progressive massive fibrosis (RR = 10.5), and r-type opacities(RR = 7.7), in younger miners with less mining tenure (Laney, et al., 2012) .
In addition to the relationship between coal mining and pneumoconiosis, exposures in mines may also be related to a number of other diseases, including cancers of the stomach and lung, and other respiratory diseases like chronic bronchitis, emphysema, chronic airway obstruction, and COPD . A 23 year follow-up study of 8,899 working coal miners showed elevated mortality from nonmalignant respiratory diseases, even among miners who did not smoke. However, there were not excess mortalities associated with lung and stomach cancers. While lung cancer rates were not elevated, there may have been other factors making lung cancer harder to detect in this population (Attfield & Kuempel, 2008) . This is in contrast to a German study of coal miners which showed an increase in stomach cancer related to coal worker pneumoconiosis (Morfeld, et al., 1997) . Pneumoconiosis may also exacerbate symptoms in those who have COPD. A study published in La Clinica Terapeutic found that patients admitted to the hospital with acute exacerbation of COPD (AECOPD) who also had complicated CWP had significantly longer hospitalizations (Ornek, et al., 2013) . Because of the relationship between coal mining and a number of other respiratory and non-respiratory ailments, CWP may play a role in the onset, severity, progression, and subsequent health outcomes of other diseases from exposure in mines. Table 1 shows the number and the age-adjusted rates for total pneumoconiosis deaths for residents of Kentucky, West Virginia, Pennsylvania, and the U.S., who were 15 years of age or (Figure 1) .
Results

A. Historical trends in mortality rates from or due to pneumoconiosis, 2003-2011
B. Kentucky pneumoconiosis deaths, 2011-2013
Demographics and Number of Deaths
Nearly all of the deaths from or with pneumoconiosis in Kentucky from 2011-2013 were in males (98%) that were white (99%). The average age of death from pneumoconiosis (75) slightly decreased in Kentucky over the three year period, with ages of death ranging from 34-100. Mining was most frequently listed as the industry associated with death (78%) compared to all other industries listed on the death certificates (22%). There were a total of 330 pneumoconiosis deaths identified with pneumoconiosis as the underlying or contributing cause of death (Table 2) . Of these deaths, 125 listed pneumoconiosis as the underlying disease associated with the death. Of the 330 pneumoconiosis deaths, there were 238 deaths from CWP, 33 from asbestosis, 7 from silicosis, and 52 identified as other pneumoconiosis as an underlying or contributing disease. The majority of deaths were from CWP.
Appalachian vs. Non-Appalachian
The Appalachian areas of Kentucky experienced a greater number of deaths and higher crude mortality rates due to pneumoconiosis than non-Appalachian counties. Of the 330 total deaths from pneumoconiosis within Kentucky, 260 were residents of Appalachian counties compared to 70 residents of non-Appalachian counties. Additionally, deaths from CWP were greater in Appalachian regions, accounting for 199 of the 238 deaths. Crude mortality rates from pneumoconiosis and CWP were 73.4 and 56.2, respectively, for Appalachia, compared to 7.3 and 4.1 for non-Appalachia. The number of deaths from asbestosis over the three year period was similar between Appalachia and non-Appalachia, with 18 and 15 deaths, respectively; there were less than five deaths from silicosis in the non-Appalachian region and 6 silicosis deaths in Appalachia. Unspecified types of pneumoconiosis accounted for 52 deaths from 2011-2013.
The average age of death from or with pneumoconiosis was slightly lower in Appalachian regions than in non-Appalachian regions; however, the average age of deaths was virtually the same in 2013 for both areas of Kentucky.
Causes of Death due to Pneumoconiosis
Of the 125 deaths where pneumoconiosis was considered the underlying cause of death, the immediate cause of death was primarily due to respiratory diseases; specifically, respiratory failure (46), COPD (42), pneumoconiosis (22) , CWP (12) , and pneumonia (26) (Figure 3 ).
There were 23 deaths where the immediate cause of death involved the heart. Of the 330 total cases where pneumoconiosis was an underlying or contributing cause of death, the immediate cause of death was largely due to respiratory conditions, with 46 deaths from respiratory failure and 42 from COPD. However, there were also a large proportion of heart-related deaths, with 37 from cardiac arrest, as well as various forms of cancer, specifically lung cancer, listed as the immediate cause of death.
Location of Death, Autopsies Performed and Certifier of Death
The percentage of pneumoconiosis deaths in hospital decreased every year from 2011-2013. The second most common location of death was the patient's residence (36%), which slightly increased from 2011 to 2013 (Table 3 ). The percentage of pneumoconiosis patients who died in a nursing home/ long-term care facility increased from 4% in 2011 to 8% in 2013. A physician certified the pneumoconiosis death 84% of the time. This proportion stayed relatively the same over the three year period. In a majority of the cases, those who certified the death did not perform an autopsy over the three year period. Autopsies to confirm the suspected cause or causes of death were only performed on 12% of the decedents in Kentucky over the three year period (Figure 4 ).
Discussion
Pneumoconiosis white male demographic results are similar to previous findings by Attfield et al. (2008) and Wang (2013) pertaining to race and gender most affected by pneumoconiosis. While the average age of pneumoconiosis death in Appalachian county residents was lower than non-Appalachian county residents from 2011-2013, the age of death for non-Appalachian pneumoconiosis decedents decreased every year over the three year period, reaching the average age of death in the Appalachian group in 2013. While more research is needed to determine if the average age of death is truly decreasing for pneumoconiosis decedents in Kentucky, this may support findings suggesting that individuals are getting severe forms of CWP at younger ages, and thus are dying younger with less mining tenure (Laney et al., 2012) .
This data result is also important because it supports the notion that even young miners with less mining tenure can be greatly affected by the disease.
Of all deaths associated with pneumoconiosis, CWP was the most frequent cause among decedents in Kentucky. However, it is important to note that, while the number of silicosis deaths from 2011-2013 only averaged 2.33 in Kentucky, a number of deaths from crystalline silica exposure may have been miscategorized as coal workers' pneumoconiosis or other respiratory diseases. Silicosis deaths, which are on the decline, have largely been misdiagnosed over the years (Goodwin, et al., 2003) . Therefore, silicosis deaths may be underestimated for the state.
West Virginia and Pennsylvania, who have also had historically higher rates of pneumoconiosis and CWP, showed a significant linear decrease (p<.05) in mortality rates from 2003-2011. In contrast, Kentucky rates only slightly decreased from 2003-2010 and then began to increase for total pneumoconiosis and CWP from 2010-2013. This is despite increases in disease surveillance and safety regulations, as well as a declining coal mining workforce in Kentucky, with a reported 15.5% decrease in Kentucky coal mining jobs in 2013 alone (Patrick, et al., 2014) . Although the rates for 2012 and 2013 in West Virginia and Pennsylvania are unavailable for comparison, the overall trend in pneumoconiosis and CWP mortality for Kentucky has not reduced nearly to the extent that it has in these other two states. While the coal dust standard was recently lowered from 2.0 milligrams per cubic meter to 1.5, more research is needed to determine if this will be enough to adequately reduce the prevalence and mortality from CWP because of potential exposure to crystalline silica.
Identifying the immediate medical cause of death with pneumoconiosis as an underlying or contributing disease is important for a number of reasons. Pneumoconiosis may increase the risk or exacerbate other respiratory diseases, heart diseases, and certain forms of cancer (Morfeld et al., 1997; Petsonk et al., 2013) . Respiratory failure was the most frequent cause of death with pneumoconiosis as an underlying disease or contributing disease. A focus on prevention of respiratory failure, like noninvasive ventilation in patients with pneumoconiosis, may be an important factor in preventing respiratory health complications or death (Nava, et al., 2005) .
We also found that individuals who were diagnosed with pneumoconiosis frequently died of COPD. Although the association between COPD and pneumoconiosis is unclear (Meijers et al., 1997) , there is a known association between exposure to coal dust and COPD (Santo Tomas, 2011) . Prevention of respiratory failure may be especially important for individuals who died at home (36%).
When pneumoconiosis was a contributing disease, individuals died of heart-related causes 23% of the time. While we were unable to determine a clear association between pneumoconiosis and death from heart disease, a study by Landen et al. (2011) found an association between mortality from ischemic heart disease in individuals with CWP. Our study results may signify the need for close heart function monitoring in patients with pneumoconiosis.
Cancer (all forms) was the immediate cause of death in 12% of the cases, with lung cancer being the most common type, when pneumoconiosis was a contributing disease. A positive causal relationship was found between diffuse interstitial fibrosis (DIT), which is caused by pneumoconiosis, and lung cancer (Katabami, et al., 2000) . Healthcare providers who have observed significant DIT in patients with pneumoconiosis should routinely monitor these patients for early detection of lung cancer. In addition, lung cancer concerns for miners should not be limited only to miners who regularly smoke. Coal dust and crystalline silica exposure in miners have both been associated with an increased risk of mortality from lung cancer, even in miners who weren't smokers (Graber, et al., 2014) .
Autopsies were performed on very few individuals who died from or with pneumoconiosis between 2011 and 2013. Autopsies can confirm or refute previous diagnoses, or lead to new diagnoses or previously unknown causes of death. For a disease like silicosis that has historically been misclassified (Goodwin, et al., 2003) , an autopsy may important in preventing misdiagnosis and providing a more accurate means of disease surveillance. While we are unable to determine if pneumoconiosis deaths in Kentucky may have been misclassified or underreported, performing autopsies on individuals with a high risk of exposure to crystalline silica may help determine if silicosis rates are higher than reported.
Limitations
As is the case with any study involving death certificates, there are a number of limitations. First, clinicians may not list all of the individual's ailments on the death certificate.
If pneumoconiosis was a contributing disease but the individual died of causes that the clinician believed were not associated with this particular disease, this may not be included, which could cause deaths from or with pneumoconiosis to be underreported. Vital statistics data from 2012 and 2013 is preliminary and may be subject to change. Because of this, the number of deaths and fatality rates may be underestimated due to missing death certificate data from Kentucky residents who died out of state.
Death certificate data depends on correct diagnosis of a particular ailment. Because pneumoconiosis has such a long latency period between exposure and onset of illness, death could be attributed to a number of other more common respiratory conditions, potentially causing underreporting of pneumoconiosis. This could especially be the case for an individual who worked in a coal mine early on in their adult life and then retired in a different industry.
Misclassification of ICD-10 diagnosis codes may also be a limiting factor.
Conclusions
Despite the overall negative trend for pneumoconiosis in the U.S., Kentucky continues to be greatly affected by deaths from this disease, especially in Appalachian coal mining regions.
The recent rise in mortality rates for pneumoconiosis and CWP and the lack of a decreasing linear trend, as seen in other coal mining states, indicate a need for continued disease surveillance efforts, in addition to improved workplace safety programs to prevent exposure to inorganic dusts known to cause pneumoconiosis. Although the respirable coal dust standards were recently lowered by MSHA, it is still unknown if this change will be an effective approach to a re-emerging problem. While lowering the coal dust standards is a step in the right direction, it will also require complete compliance of the coal industry, as well as ensuring active participation by employees in federal disease surveillance programs to detect pneumoconiosis symptoms early and avoid fatal disease progression. Kentucky should ensure that healthcare providers are properly educated on pneumoconiosis and related diseases in order to accurately diagnose and treat symptoms, especially for those with co-morbid conditions. Mortality numbers and rates provide a snapshot of pneumoconiosis in Kentucky but other state-based data sources that assess morbidity (Emergency department visits, inpatient hospitalizations will be useful for pneumoconiosis surveillance, along with federal surveillance programs like the CWHSP. More research needs to be done to better understand if the burden of pneumoconiosis is increasing in Kentucky. 
